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Mycoplasma hyopneumoniae infection, swine enzootic pneumonia, causes considerable losses to the pig farming industry as a result of growth retardation and a prolonged fattening period. The infection often exists subclinically in breeding herds, from which the infectious agent spreads to the finishing units. The main problem in the control of enzootic pneumonia has been the lack of accurate laboratory tests. Isolation of the agent is difficult because M. hyopneumoniae multiplies poorly in artificial media, and detection often fails due to the treatment of sick animals with antibiotics. Diagnosis is usually based mainly on clinical signs and pathologic findings. Serologic enzyme-linked immunosorbent assays (ELISAs) have recently been evaluated and are sensitive and specific in detecting subclinical enzootic pneumonia. 1, 3, 9 Two commercial ELISAs for the detection of M. hyopneumoniae antibodies from serum and from sow colostrum have been introduced, a direct ELISA (d-ELISA a ) with a Tween-20-solubilized crude antigen 2,8 and a competitive or blocking type ELISA (c-ELISA b ) with monoclonal antibody reagents. 4 The d-ELISA, which was the first test to become commercially available, has been used for determining the disease status in Finnish elite breeding herds. However, this ELISA, although sensitive and specific, occasionally gives false-positive reactions. A positive finding leads to the quarantine of the pig farm until the disease situation has been defined, which usually requires successive sampling of the herd. The transport and sale of swine and piglets is prohibited during the investigation, causing financial losses to the owner. After the introduction of the c-ELISA, which has a reaction principle different from that of the d-ELISA, it seemed possible, using these 2 different tests, to divide the samples into categories of true positives and false pos-itives. In this study, the 2 ELISAs were evaluated with respect to their ability to complement each other. The sensitivity and specificity of the 2 ELISAs were compared, and the effect of repeated freezing and thawing of samples on the test results was determined using the d-ELISA. The samples for the study were selected from colostrum samples taken from the elite breeding herds (n ϭ 185) participating in the Finnish Pig Health Scheme. The herds are annually surveyed for clinical signs and pathologic changes caused by mycoplasma pneumonia, Actinobacillus pleuropneumoniae pneumonia, atrophic rhinitis, swine dysentery, and Clostridium perfringens type C enteritis. Furthermore, colostrum samples (n ϭ 6,256) were collected and assayed for M. hyopneumoniae antibodies using d-ELISA. During the surveillance, doubtful or positive serologic reactions to M. hyopneumoniae were detected on 23 farms. The samples for the present study were obtained from 3 farms where pigs had symptoms typical of enzootic pneumonia and from 4 farms where animals were without symptoms and usually only a single pig was consistently positive in successive serologic tests. A total of 153 colostrum samples from the 7 farms were assayed during the study. The reproducibility of d-ELISA results was determined using 60 colostrum samples and 20 serum samples, which were assayed twice. Between the assays, the samples were frozen and thawed to determine whether these processes have any effect on the outcome of the d-ELISA.
Colostrum samples were collected on the farms within 2 hours after farrowing and were sent frozen to the laboratory. Before assaying, the samples were thawed and centrifuged for 6 minutes at 10,000 ϫ g, and the cream was discarded. c The basic principles on which the d-ELISA and c-ELISA are based are different. The d-ELISA is a so-called sandwich immunoassay. Diluted porcine sera or colostrum samples (1: 100) were added to the microtiter wells coated with M. hyopneumoniae antigen. After incubation, the plate was washed with phosphate-buffered saline (PBS)-Tween 20, and a rabbit anti-swine horseradish peroxidase conjugate was added, incubated, and rinsed off. The antigen-antibody reaction was detected by adding a chromogen solution, 2,2Ј-azino-bis 3ethylbenzthiazoline-6-sulfonic acid diammonium. The color reaction was stopped with 0.5% sodium dodecyl sulfate, and the spectrophotometric results were obtained at a wavelength of 409 nm. d The positive control serum of the kit was weakly positive. Samples that gave an optical density (OD) of Ն 95% of the positive control serum (weak positive) were regarded as positive, and samples which gave an OD of 70-95% of the positive control were suspect. The c-ELISA has been described as a competitive (or blocking) immunoassay. 4 The microwells first were coated with rabbit immunoglobulin to M. hyopneumoniae. Wells were then emptied and treated with PBS containing 4% skimmed milk. After washing, M. hyopneumoniae antigen diluted to 1:250 was added and incubated. The samples were diluted 1:10 and added in duplicate to the rinsed plates. A peroxidase-conjugated monoclonal antibody (MAb) specific to M. hyopneumoniae was used to compete with the samples. Ortho-1,2-phenylenediamine served as chromogenic substrate, and the color reaction was stopped with sulfuric acid. The OD was read at a wavelength of 492 nm. d The results were expressed as percentage of the buffer control wells (buffer ϩ conjugate ϩ chromogen). The dilution and incubation time for the conjugated MAb and serum were adjusted to give 0-20% inhibition with negative sera and 95-98% inhibition with sera from pigs experimentally infected with M. hyopneumoniae. 4 Samples that had an OD of Ͻ50% of the buffer control were considered positive.
Statistical analysis of the ELISA results was performed using a computer program. e For testing the repeatability of the d-ELISA and the agreement of the 2 tests, a kappa value was calculated, 7 which indicates the relative magnitude of the observed agreement of 2 tests beyond that expected by chance. A kappa of 0 indicates no agreement, a kappa of 1 indicates perfect agreement, and a kappa of 0.4-0.5 can be regarded as moderate level of agreement.
Both ELISA are considered herd tests. When testing individual animals, these tests do not reliably determine infection. The c-ELISA was more sensitive and detected significantly more positive animals (70/153) than did the d-ELISA (30/153) ( Table 1 ). Ten samples that were suspicious in the d-ELISA were positive in the c-ELISA. Because both assays were, according to the manufacturers' information, herd tests, the estimated sensitivity to diagnose infected herds was equal. Both ELISAs detected the 3 truly infected herds (Nos. 1, 5, and 7; Table 2 ) in which M. hyopneumoniae infection was diagnosed by clinical signs, pathologic findings, and epidemiologic studies. The results indicate that the sensitivity of both kits is high enough for disease eradication at the herd level. The c-ELISA identified more positive animals in infected herds, and therefore smaller sample sizes could be used to detect M. hyopneumoniae infections.
The effect of sample treatment on the reproducibility of the d-ELISA was also evaluated. Colostrum samples (60) and serum samples (20) were frozen and thawed an additional time and then retested. The results are presented in Table 3 . Positive and suspect colostrum samples tended to change to suspect or negative after the additional third freeze-thaw. The negative samples remained negative. The observed relative agreement was 75%. If suspicious samples were regarded as positive, the kappa value was 0.65, and if suspicious samples were regarded as negative, the kappa value was 0.71, indicating close agreement. 7 As reported earlier, the ELISA was more sensitive for colostrum than for the serum samples. 5 Other researchers have reported an experimental infection of enzootic pneumonia in which 16 of 24 sows were classified positive on the basis of colostrum samples but only 4 sows were positive in tests on parallel serum samples. 11 However, excessive freezing and thawing of colostrum samples should be avoided because of the decreased positive reaction. Some weakly positive samples became suspect or even negative with additional freezing and thawing.
Both tests were in close agreement in diagnosing M. hyopneumoniae infection in 3 herds with clinical signs. Furthermore, the d-ELISA suggested 3 positive reactors in separate herds that were negative by the c-ELISA. The c-ELISA detected 1 reactor that, in turn, was diagnosed as negative by the d-ELISA (Table 2) . When the specificity was calculated, the reactions detected in noninfected herds were regarded as false positives. The estimation of herd status as noninfectious was based on epidemiologic follow-up, pathologic observations, and lack of clinical signs. From the assays of individual samples, the specificity of the c-ELISA was 99.3% and that of the d-ELISA was 98%. The actual specificity of both assays is higher because a few presumably false-positive samples were purposefully included in the study. The results show that the c-ELISA is more specific than the d-ELISA. The antigen type used in the d-ELISA is a Tween-20-solubilized crude antigen, which is more specific in serologic tests than plain crude M. hyopneumoniae antigen. 1, 4, 8, 9 Some evidence of cross-reactions between the crude antigen of M. hyopneumoniae and the less pathogenic M. flocculare antigens have been reported. 9 However, some authors have considered these cross-reactions to be nonsignificant. 1, 6 Mycoplasma flocculare causes an infection after which seroconversions and cross-reactions should have been detected in several pigs. However, because the false positives in the present study have been single reactions in a herd, cross-reactions with M. flocculare cannot explain the phenomenon. The higher specificity of the c-ELISA may be explained by the different construction and the use of MAb reagents.
The ELISA using sow colostrum samples have been applied as a diagnostic tool in an official disease control program, the Finnish Health Scheme. 5, 6 At present, all the elite breeding herds are involved in the program. Suspect samples and cases where only a single sow in a herd has had antibodies have given rise to problems during the surveillance of the herds. The definitive diagnosis was delayed because the determination of the disease status of the herds required the assay of extra follow-up samples. Because of the bans, some farmers have resigned from the Health Scheme. Earlier studies have shown that these single positive reactions can be false positive, or a newly purchased animal that is mycoplasma negative but antibody positive, or the first signs of the start of an enzootic pneumonia infection. 5 The false-positive category mainly consists of contaminated samples that react positively during the test or can resemble ''singleton reactors,'' where an individual shows an incorrect antigenantibody reaction (Dr. Terpstra and Dr. E. Brocchi, personal communication). The falsely functioning antibodies of a singleton reactor are a problem with several other ELISA kits. The antibodies belong to the IgM class, and the titers tend to decline at the second sampling, and no seroconversion is observed in penmates. The immunoglobulin classes of the doubtful colostrum samples were not determined, but in other respects they fulfilled this description. According to the literature, colostrum may contain locally produced IgA and IgM and IgG transferred from serum. 10 The main objective of the present study was to find confirming methods for doubtful reactions in M. hyopneumoniae serology. In this regard, the 2 tests complemented each other. The d-ELISA found only 1 M. hyopneumoniae antibodypositive pig in herd No. 1, but the c-ELISA was able confirm the result by detecting 7 positive pigs in the same herd. However, the false-positive reactions were also revealed. Because of continuous follow-up and the results of this study, the herds have been rapidly categorized as infected or noninfected. Economic losses can now be minimized, and the animals in the infected herds can be eradicated and the herds repopulated. 
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